Introduction
I have chosen as my subject two of the lines of work upon which we have been engaged for a number of years. In the clinical field these have helped in the reconditioning of our practice of otoneurology; in a broader scientific sense they have enlivened our understanding of certain fundamental mechanisms of the VIII nerve system. I shall have certain new developments to report but before we come to these we shall need to consider what has gone before. Both of my themes have had their origins in certain rather special test procedures. The details of these are of great importance.
Part 1
The Principles and Practice of the Caloric Tests, with particular reference to the Neurological Mechanism of Directional Preponderance As standardized by the late Dr Fitzgerald and myself (Fitzgerald & Hallpike 1942) the caloric test was designed to fulfil the following requirements: (1) That it should be easy to apply and comfortable for the subject. (2) That the results should provide a measure of the sensitivity of the external canal.
(3) That they should also be capable of demonstrating that other variety of vestibular derangement, not in itself a function of the sensitivity of the external canal, which we term 'directional preponderance'.
The details of the procedure are shown in Fig 1. The effects of the caloric stimuli are substantially limited to the external canals and are calculated to bring about equal and opposite deflections of their cupulk. The nystagmic reac- tions are observed and their durations measured. It will be noted that the tests are carried out with optic fixation maintained in the straight ahead line of gaze; the nystagmus observed is, therefore, of the second degree variety: this is important.
The result is graphically recorded in the form, shown in Fig 2, which is characteristic of an average normal subject. The two continuous lines represent time: three minutes subdivided into tensecond intervals. The interrupted lines represent the response durations. Above are the two responses Left and Right, to the cold stimulus; below, the two responses to the hot stimulus. It is convenient for reference to number these responses 1 to 4 from above downwards and it is important to note that responses 1 and 4 consist of nystagmus to the right, responses 2 and 3 of nystagmus to the left; the direction of the nystagmus is specified in accordance with convention in terms of its rapid component.
Two primary abnormalities of this pattern may result from a unilateral vestibular lesion. Of these the commonest is a reduction of sensitivity of one or other canalthe so-called canal paresis. This is shown in Fig 3: above, responses 1 and 3 of the left canal are reduced with respect to responses 2 and 4 which are normal; below, with a right canal paresis, this pattern is reversed.
Such changes of canal sensitivity are not, however, our only concern. Another type of abnormalitydirectional preponderancemay also occur, from which we are able to derive important information relating to the derangement of another and more subtle characteristic of vestibular activity known since the days of Ewald as 'labyrinth tonus'. By directional preponderance (DP) we mean the facilitation of those responses which consist of nystagmus in a particular direction, with inhibition of their opposites. As shown in Fig 4, with DP to the right, responses 1 and 4, which consist of nystagmus to the right, are increased; responses 2 and 3 decreased. With DP to the left this pattern is reversed. It must be noted that directional preponderance of the responses is systematically directed towards the side opposite to the lesion which causes it. Thus, a left-sided lesion causes preponderance to the right and vice versa.
In the course of our work at Queen Square we have observed that one or other of these abnormalities may be encountered in association with a unilateral vestibular lesion at any level between the labyrinth and vestibular nuclei. Usually they occur separately; sometimes, however, they occur in combination. The resulting caloric test pattern may then be confusing but is easy to interpret as (I) This is illustrated in Fig 5 which shows the caloric responses in a subject with Meniere's disease of the right labyrinth: the cold responses are equal and approximately normal; the right hot response is reduced, the left hot response is increased. This pattern is derived from the two primary abnormalities shown on the lefta right canal paresis and a directional preponderance to the left. To combine these the right canal paresis is introduced into the directional preponderance. Reaction 2 is decreased and the two cold responses now become equal. Reaction 4 is also decreased and the two hot responses now become widely separated. The result is the combined pattern shown on the right.
(3)
. _ 30C<ZCR ..l lA l i 44-C < 11 1 1 1( 1 1 1 This finding is of practical importance since it illustrates the fallacy of depending for the diagnosis of a unilateral vestibular lesion on caloric tests in which cold stimulation only is used. Clearly, if in this case reliance had been placed solely upon the responses to the cold stimuli they would have been found equal and normal. It is only the additional use of the hot stimuli which reveals the lesion. Two problems have arisen from these observations. The first is one of anatomy. Since a unilateral vestibular lesion, be it in the vestibular sense organs, nerve fibres or nuclei, may result in either one of these two abnormalities, we have argued that they must depend upon damage to elements which are anatomically discrete.
Our first problem is, therefore, the identification of these elements. In the case of the canal paresis it is enough to say that the lesion is one of the cupular sense organs or their associated nerve fibres or nuclei. In the case of the directional preponderance the matter is more complex and we have postulated that here the lesion is one of the tonus organs of the labyrinth, in particular the utricle, or of its associated neurones in the vestibular nerve or nuclei.
Our second problem is to explain how this lesion of the tonus elements, utricular or otherwise, is able to bring about the phenomenon of directional preponderance. But first I wish to present in outline the results of a clinical investigation conducted in collaboration with my colleagues, Dr E A Carmichael and Dr M R Dix (Carmichael et al. 1965 ) which provide a clue to the location of these tonus elements within the vestibular nuclear complex.
Our material consisted of 8 subjects, all of whom exhibited the well-known syndrome of thrombosis of the posterior inferior cerebellar artery, better known nowadays as the 'lateral medullary syndrome'. In all of them severe vertigo had occurred and a well-marked DP of the caloric responses was present to the side oppositeto the lesion. The lesions were first localized upon the basis of a close analysis of the neurological, abnormalities relating to the nonvestibular comr- ponents of the brain stem, in particular the trigeminal elements and the spinothalamic tracts. For this part of the work, Dr Carmichael was responsible: the sites and limits of the lesions were computed upon the basis of his neurological findings and were then inscribed upon a series of brain stem diagrams. This demonstrated the relationship of the lesions to the neighbouring vestibular nuclei and in this way we could attempt a specification of those vestibular elements in which had occurred the damage responsible for the vestibular manifestations; that is, vertigo and the directional preponderance of the caloric responses.
In Fig 6 are shown the findings in a characteristic case of the series. The brain stem sections are at four levels from the pons to the lower part of the medulla and the areas marked with symbols are the various vestibular nuclei. The dark areas on the right represent the lesion which involves: the restiform body, the trigeminal elements, the spinothalamic tract, the VII nerve nucleus and the nucleus ambiguus.
The neurological signs from which the lesion was reconstructed are shown in Fig 7 and were as follows: hypotonia of the right arm and leg, hypalgesia and loss of sweating of the right side of the face, hypalgesia of the left side of the body and the left limbs, weakness of the right side of the face, weakness of the right side of the larynx and soft palate. Cochlear function was normal and there was a directional preponderance to the left of the caloric responses. Fig 6 reveals the relationship of the lesion to the vestibular nuclei and shows that the great bulk of the lesion lay in the lower level sections. It is this lesion which caused the directional preponderance to the left of the caloric responses; within it, therefore, was likely to lie the tonus mechanism which we wish to identify. At the same time, however, it caused no change in the sensitivity of the external canal mechanisms. This is shown by the absence of any canal paresis. This indicates that the neural elements within the brain stem, which are directly connected with and directly subserve the responses of the external canal, were spared by the lesion and must therefore lie above it. This seems to establish quite a useful point of anatomy: the tonus elements below the level of entry of the VIII nerve, the direct canal elements at or above this level.
We now return to the identification of the neural elements which constitute the tonus mechanism. Are they part of the vestibular nuclear complex? If so, then their most likely location would be within the two nuclei, the descending nucleus and the median nucleus, which extend downwards into the levels of the brain stem at which the lesion is most extensive. If we may assume that within this zone of the vestibular nuclei lie the tonus elements in which we are interested, it remains to consider how their damage can pro-duce the contralateral directional preponderance of caloric nystagmus which was so conspicuous a finding in all 8 of our subjects.
The explanation which we propose is based on the view that the vestibular tonus elements, left and right, exert a pair of forces, opposed and balanced upon the conjugate deviation of the eyes.
The left elements subserve deviation to the right, the right elements to the left. It follows that if the left elements are damaged there will be a latent deviation of the eyes to the left. This may be strikingly apparent if such a patient be examined nystagmographically with a direct current system of amplification. Then, in the absence of visual or other forms of conscious fixation the eyes will be found to deviate to the side of the lesion.
The way in which this deviational imbalance brings about contralateral directional preponderance of caloric nystagmus can now be explained in terms which are closely akin to those commonly used to explain the working of what we know as Alexander's law. According to this, nystagmus of the vestibular type, whether spontaneous or induced, is increased if the gaze be voluntarily deviated from its normal resting position in the direction of the nystagmus: gaze deviation in the opposite direction will reduce the nystagmus. The phenomenon is commonly explained in terms involving the elastic and other forces, some neuromuscular in nature, others purely mechanical and originating in the orbital tissues, which combine to resist deviation of the eyes from their resting midline position and to restore them thereto.
Thus, in a subject who exhibits in the straight ahead position of gaze vestibular nystagmus to the left, there will be rapid beats to the left alternating with slow components of vestibular origin to the right. With voluntary gaze deviation to the left, the elastic restoring forces of the orbital tissues will supplement the slow components. Hence, their amplitude and that of the nystagmus as a whole will be increased. With gaze deviation to the right, however, the elastic restoring force will be directed to the left and will oppose the slow components of the nystagmus. Its amplitude will accordingly be reduced. The matter is explained diagrammatically in Fig. 8 .
Let us extend this to the situation in which we are interested: our subjects with directional preponderance of caloric nystagmus to one side, let us say to the right, resulting from a lesion of the left tonus elements. Of this the primary effect is a deviation to the left of the resting position of the eyes. It is clear that in these subjects the voluntary assumption for the caloric tests of the straight ahead position of gaze could be equated to a gaze deviation in the direction of nystagmus to the right. Latent deviation of the eyes to the-left would still be present and would then operate very much as with Alexander's law, facilitating nystagmus to the right and inhibiting its opposite. Hence the directional preponderance. The matter is explained diagrammatically in Fig It will be recalled that we have argued elsewhere, with some persistence, that the vestibular tonus elements which are likely to be concerned in this phenomenon of directional preponderance are those of the utricle. In this connexion it is of interest to note that a familiar criticism of this utricular theory of directional preponderance has been the absence of experimental evidence that utricular excitation or paresis can evoke nystagmus. To this the answer is that the theory now propounded does not require that it should. In the case of the utricular paresis postulated in our subjects it requires only that this should cause a latent deviation of the eyes from their normal straight ahead position. Granted this, then directional preponderance of induced nystagmus will result: its mechanism being closely akin to that which underlies the operation of Alexander's law.
That such a deviation could result from such a unilateral utricular influence is not without experimental support; McNally himself (1956) has stressed the finding of Ulrich (1934) that pressure on the exposed utricle of the pike evokes a sustained ocular deviation. More recently, too, Owada and his colleagues (1960) have been successful in carrying out unilateral section of the utricular nerve in the rabbit and described, following this procedure, a very clear-cut directional preponderance of caloric nystagmus to the opposite side.
Granted, therefore, that the neurological abnormality which underlies the directional preponderance of caloric nystagmus is a latent deviation of the eyes and that this results from a unilateral lesion of certain vestibular tonus elements, then there is good ground for the belief that the elements in question are utricular.
Our findings and conclusions can now be summarized:
(1) In the caudally situated portions of the vestibular nuclear complex below the level of entry of the VIII nerve, certain utricular tonus elements are located. The nuclear elements associated with the horizontal canals are located at a higher level.
(2) A unilateral lesion of the utricular elements, whether this is located in the utricle itself, the utricular nerve fibres or the utricular nuclear components, results in a contralateral directional preponderance of caloric nystagrnus.
(3) This is brought about by an indirect mechanism. Nystagmnus is intrinsically dependent upon canal mechanisms; with it the utricles are not directly concerned.
(4) The utriclos are concerned with the control of conjugate eye deviation and a unilateral utricular lesion will produce a latent ipsilateral deviation from the straight ahead line of the resting position of the eyes.
(5) If the caloric tests are now carried out with the eyes in the straight ahead line, the latent deviation will bring about a directional bias or preponderance of those nystagmic responses which are directed to the side opposite to the lesion.
(6) The way in which this latent deviation or utricular imbalance is able to bring about the phenomenon of directional preponderance is explicable in terms very similar to those commonly applied to the working of Alexander's law.
Part 2
The Loudness Recruitment Phenomenon: Its Clinical Significance and Neurological Basis For my second topic I have chosen the derangement of the loudness function which we know as the loudness recruitment phenomenon.
Nowadays a number of tests are used for its investigation, including Bekesy audiometry and the difference linen test of Luischer. These, though valuable in their special ways, undoubtedly introduce certain physiological incongruities which are difficult to allow for and complicate analysis. I think it best, therefore, to begin very near to the beginning with a brief outline of the test procedure which Fowler used and to which in the main we still adhere. This is shown in Fig 10. The subject wears a pair of telephone receivers, each supplied from a separate pure tone generator. The frequency of the sound stimulus is the same in each receiver. Its intensity is independently adjustable and the tester switches it alternately to left and right. Fig 10 includes three pairs of intensity scales, one for the right ear and one for the left, marked in decibels from the normal threshold levels upwards. The immediate purpose of the test is to ascertain and mark upon these scales two series of intensity levels which give equal sensations of loudness. In the centre are shown the results obtained in a normal subject. The equal loudness levels are connected as shown and the result is a ladder, the rungs of which lie horizontally from bottom to top. On the left and right are shown the results obtained in two typical cases of unilateral deafness. On the left the deafness is of the conductive type, on the right of the nerve type due to Meniere's disease of the labyrinth; in each case the test frequency is 1,000 c/s, at which the audiogram shows a threshold shift of 30 dB. This is reflected in the bottom rungs of the two ladders which are tilted upwards by 30 dB on the sides of the affected ears.
In the case of conductive deafness this sensitivity difference is maintained right up the intensity scale and the rungs of the ladder remain parallel from bottom to top.
In the case of nerve deafness due to Meniere's disease we see something different. As we ascend the intensity scale the sensitivity difference, 30 dB at threshold, becomes progressively less until at 80 dB equal intensities evoke sensations of equal loudness. In other words, deafness at low intensities is absent at higher intensities and this, in its simplest terms, is the loudness recruitment phenomenon. Fig 11. Sound intensities above the normal threshold are plotted on the vertical axis for the normal ear and on the horizontal axis for the deaf ear: a series of equal loudness levels can be plotted on this chart as a series of points and for a normal subject the line AB would run through these points. Projections of a pointany pointon this line upon the axes will meet them equidistantly from their origin, i.e. at equal levels of sound intensity. With the case of conductive deafness, ED would be the loudness balance curve. The hearing loss of the left ear, 30 dB at threshold, is represented by the displacement of the foot of the curve, 30 dB to the right of the origin. As we ascend the intensity scale this separation from the normal curve AB is maintained and the curves thus run parallel.
EF is the curve obtained with the other case of nerve deafness with loudness recruitment. As before, we have the same displacement of its foot, 30 dB to the right of the origin. As we increase the intensity, the curve approaches the normal and touches it at F. At this point loudness recruitment is said to be complete. The angle made by the curve with the horizontal axis is important. When its value is 45 degrees, as with ED, recruitment is absent. When it exceeds 45 degrees, recruitment is present. But sometimes, as with EG, it is less than 45 degrees and the curve then inclines away from the normal. This means that, with increasing sound intensity, the loudness function of the affected ear, instead of catching up with that of the normal ear as with loudness recruitment, falls progressively further behind it. This phenomenon is termed loudness reversal and has considerable functional significance.
Let me now summarize what we are told by a loudness balance curve of this kind: The displacement of its foot from the origin tells us the degree of the deafness; to be precise, the threshold elevation. The angle of the curve tells us whether there is recruitment, no recruitment or reversal. If recruitment is present the curve will incline towards and may meet the normal curve; if it does, then at the meeting point recruitment becomes complete.
So much for loudness recruitment as a phenomenon, and for its graphic recording. We can now consider its cause. Fowler, who first described it, believed with others that it was characteristic of a wide variety of disorders of the cochlear neural apparatus, including the cochlear nerve and its central connexions. In 1948, however, Dr Dix, Dr Hood and I were able to provide clear evidence that the phenomenon is specifically associated with pathological processes involving the hair cells of Corti's organ. This conclusion was based upon some comparative clinicopathological studies of two well-known disorders of the VIII nerve system, namely, Meniere's disease, in which the pathological process is known to affect the Our material consisted of 50 cases of partial unilateral perceptive or nerve deafness, its perceptive character being attested in all by the resultsincluding positive Rinne reactionsof the usual tuning fork tests. In 30 cases the deafness was due to Meniere's disease and in 20 to tumours. In all the 30 cases of Meniere's disease loudness recruitment was found to be present and complete. In 14 of the 20 cases of VIII nerve tumour, however, recruitment was absent and in the remaining 6 cases it was present but incomplete. These findings have since been confirmed as the result of similar studies carried out in a , . In Fig 12 are shown the results of loudness balance tests in a series of some 60 cases of partial unilateral nerve deafness due to Meniere's disease. All of the curves meet the normal curve, showing that recruitment is complete. In a number they extend beyond the normal, indicating the occurrence of what is known as overrecruitment.
In Fig 13 are shown the results of similar tests in 47 cases of partial unilateral nerve deafness due to proven acoustic neurofibromata. The deafness was of moderate degree, and in no case exceeded 60 dB at the frequency used for the test. This is DO. 120 1 0 7X cA. h0
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x Io000 c/s. X0. established by the fact that all of the curves leave the baseline at points to the left of the 60 dB level. In nearly all of the cases the curves lie parallel to the normal curve. That is to say, loudness recruitment is completely absent.
These findings can now be very simply summarized. Loudness recruitment is shown to be characteristically present in a disorder of the cochlear end organs and to be characteristically absent in a disorder of the cochlear nerve fibres. The significance of this for the practising otologist is clear enough and the recruitment test is widely used for the differential diagnosis of these two important categories of perceptive deafness: end organ deafness due to hair cell disease and nerve fibre deafness.
For these studies of loudness recruitment or rather its absence in nerve fibre deafness, we have relied upon tumour material. This calls for comment since a well known difficulty in analysing the effects of tumours upon the nervous system is the possible occurrence of secondary effects due either to vascular occlusion or to pressure upon distant structures. This brings me to some extremely valuable results recently obtained by Dr Dix in the course of a study (Dix 1965) of the nerve deafness of multiple sclerosis. Here the lesions consist of localized demyelinations, uncomplicated, as with tumours, by distant pressure effects. Furthermore, when we come to the problem of exact localization, we have at our disposal certain anatomical and physiological data, which make it possible, in certain cases of deafness due to this disorder, to infer the site of the lesion with considerable precision.
These data are quite simply explained: the lesions of multiple sclerosis are confined to the central nervous system; they may also occur in the cranial nerves but are then restricted to the zone of the so-called glial protrusion which we can really regard as an extension of the central nervous system. Fig 14 is At the point X there occurs a transition between the neurilemmal or peripheral part of the nerve and its glial part where it becomes part of the central nervous system. The fibres pass into the cochlear nuclear complex and from here the second order neurones are relayed; some of these pass to the opposite side, some remain uncrossed.
Certain facts about the clinical effects of central lesions of the cochlear system are well known and fundamental. Thus it seems that unilateral destruction of the system at a high level, for instance removal of one cerebral hemisphere, has a trifling effect upon hearing as judged by the pure tone audiogram and we have ourselves found perfectly normal audiograms in many patients subjected to hemispherectomy. The explanation of this seems to depend upon the fact that above the level of the cochlear nuclei there is this substantial division of the cochlear pathways. This means that a lesion of one hemisphere can bring about no more than a 3 decibel loss of loudness. This argument could also be applied to unilateral lesions at any point above this decussation. Directly, however, we descend to or below the level of the nuclei, the whole input of one cochlear nerve is cut off and the result is an obvious degree of unilateral deafness. From this it follows that a demyelinating lesion, if it is to produce unilateral deafness, must lie distal to the cochlear nuclei and central to the neurilemmalneuroglial junction.
In Fig 15 is shown the cochlear nerve of a cat. The junction indicated at X is shown very clearly. The cochlear nuclei lie centrally, and our argument is that a plaque of multiple sclerosis, if it is to produce unilateral deafness, must be situated in the central nervous system between these points, the cochlear nuclei and this junction.
In Fig 16 are shown the results of the loudness recruitment tests in the 31 subjects with multiple sclerosis studied by Dr Dix. As will be seen, they are very similar to those encountered in our series of tumour cases; that is to say, in the great majority loudness recruitment is absent.
It thus becomes possible to say that in the perceptive deafness which results from a lesion of the cochlear nerve fibres, whether the lesion is due to tumour pressure with its main effect upon the neurilemmal part of the nerve, or to multiple sclerosis with its main effect upon its neuroglial part, loudness recruitment is characteristically absent. The finding would seem to be a valuable one and some of its theoretical implications will be briefly discussed. This, of course, brings us back to our basic concepts of the neuromechanical action of the cochlea.
The present-day approach to the theoretical basis of loudness recruitment is based, with some modifications, upon what started as the so-called dual excitation theory. The consensus of experimental and other evidence now seems to favour the view that the hair cells at any frequency level along the basilar membrane have a graded valency for loudness which is determined by their position across it. Thus, row 3, the outermost row, of the outer hair cells subserve the loudness function at threshold intensities; rows 2 and 1 of the outer hair cells at progressively higher intensities; the the inner hair cells at higher intensities still. How this is accomplished is far from clear. To Tumarkin (1950) & Hallpike 1952) the place of the hair cells across the basilar membrane, a suggestion which amounts to a place theory of loudness. As an alternative or supplement to this theory it can be proposed that the various hair cell rows are enabled to subserve these various loudness levels, not only because of their location across the basilar membrane but by virtue also of certain differences in their nervous connexions; for this there is now some very striking neuro-anatomical evidence.
In Fig 17 is shown a remarkable preparation kindly put at our disposal by Professor Engstrom. It shows an osmicated preparation of Corti's organ of the guinea-pig with the various rows of hair cells. On the right lie the nerve complexes around the bases of the outer, middle and inner rows of the outer hair cells. Around the cells of the outer row only a sparse impregnation can be seen; this increases with the second row and is very much more dense with the inner row, constituting what Engstrom calls the 'tulip formations'. Tumarkin's theory, if it can be said to need it, thus acquires what certainly looks like a sound structural foundation.
For the next step of the argument we deploy the proposition that loudness recruitment, resulting from inner ear disease, depends upon a selective destruction of the low intensity elements and that this results in deafness; the high intensity elements, however, are preserved, hence the good loudness function at high intensity levels, i.e. the loudness recruitment phenomenon. In support of this proposition there would seem to be agreement that the outer hair cells are in general more fragile than the inner; furthermore, in early Meniere's disease it is sometimes possible to demonstrate histologically some preponderant affection of the outer cells.
In Fig 18 are shown at high magnification some views of the organ of Corti in a subject with Meniere's disease. Those of the affected ear are seen on the right while on the left, for comparison, are shown corresponding views of the unaffected ear. On both sides the interpretation is complicated as with all human material by a certain amount of fixation artifact. Nevertheless, certain differences are clear and illustrate the point of our enquiry: on the normal side the general preservation of the cells and rods of Corti is quite good. On the affected side, however, things are clearly different. The inner rods of the tunnel are still present and give support to still discernible inner hair cells but the outer rods have disappeared and in this area, normally occupied by the outer hair cells, little can be seen of them. This early disappearance of the outer rod of Corti certainly suggests an early degeneration in the outer hair cells which are supported by this rod. As a result, the inner hair cells are left to subserve selectively the loudness function at high intensities. Thus the histopathology of Corti's organ in Meniere's disease does seem to yield evidence which supports both the dual 12 excitation theory and the explanation which that theory provides of the loudness recruitment phenomenon.
Granted that this selective derangement of the low loudness elements is the cause of loudness recruitment in the perceptive deafness of Meniere's disease and other hair cell disorders, how are we to explain its characteristic absence when the deafness is due to organic damage to the fibres of the cochlear nerve resulting from tumour pressure? In answer to this question we have argued that the fibre degeneration is evenly distributed and therefore affects alike both the low and high intensity fibres; since there is no selective sparing of either we would expect loudness recruitment to be absent: this is the finding in 90% of cases of nerve fibre deafness. Sometimes, of course, the distribution may not be even and there may then be a selective affection of the low intensity elements. Should this occurand the chances seem to be against itthen we should observe loudness recruitment and this explains whywe do when we do.
This concludes my address, which I hope fulfils my intention of illustrating the advantages enjoyed by those who, like ourselves, are enabled to use human subjects for our observations. Nystagmus we know to be profoundly modified by visual fixation or gaze deviation; in most of our subjects these can be regulated and the nystagmus studied with precision. In animals, however, things are quite otherwise and none but the crudest observations can be achieved.
Much the same can be said of my second theme, Obviously, the loudness function itself, being an aspect of perception, could hardly be studied effectively without human subjects, and it is difficult to see how, without the pioneer work of Edmund Fowler, the existence of the loudness recruitment phenomenon could ever have been brought to light. I wish to close with a tribute to his work.
